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Microstrength, strength and microstructure of carbonaceous materials
Abstract
The effect of heat treatment at 700-1500 ºC on the mechanical strength, micro strength and pore structure of
carbonaceous materials, including coke, char and coals, were studied using tensile test, ultra micro indentation
and image analysis. Strength of chars and pyrolysed coals was strongly enhanced by heat treatment at
temperature below 1100 °C; strength of cokes was slightly degraded after heat treatment at 1500 °C.
Mechanical strength of carbonaceous materials was demonstrated to be significantly affected by micro
strength and porosity. Micro strength of chars and coals was significantly enhanced by heat treatment, whereas
micro strength of cokes was only marginally increased by heat treatment. The major growth in the micro
strength of chars and coals took place at annealing temperature below 1100 °C. Porosity of chars and coals
significantly increased during annealing at temperatures below 1100 °C. Further increasing annealing
temperature from 1100-1500 °C caused marginal porosity evolution in pyrolysed coals and chars. Porosity of
cokes increased slightly in the temperature range of 1300-1500 °C.
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ABSTRACT 
The effect of heat treatment at 700-J500°C on the mechanical strength, micro strength and 
pore structure of carbonaceous materials, including coke, char and coals, were studied using 
tensile test, ultra micro indentation and image analysis. Strength of chars and pyrolysed coals was 
strongly enhanced by heat treatment at temperature below llOO°C; strength of cokes was slightly 
degraded after heat treatment at J500°e. Mechanical strength of carbonaceous materials was 
demonstrated to be significantly qffected by micro strength and porosity. Micro strength of chars 
and coals was significantly enhanced by heat treatment, whereas micro strength of cokes was only 
marginally increased by heat treatment. The major growth in the micro strength of chars and coals 
took place at annealing temperature below llOO°e. Porosity of chars and coals significantly 
increased during annealing at temperatures below llOO°e. Further increasing annealing 
temperature from llOO-J500°C caused marginal porosity evolution in pyrolysed coals and chars. 
Porosity of cokes increased slightly in the temperature range of J300-J500°e. 
KEYWORDS: Strength, micro-strength, pore structure, carbonaceous materials, annealing. 
1. INTRODUCTION 
Carbonaceous materials used in submerged electric arc furnace for the production of 
manganese alloys include cokes, chars and coals. Coke is a major material for blast furnace 
ironrnaking, while chars and coals are widely used in direct ferroalloy making processes and iron 
smelting. Replacing coke with coal and char will however lead to significant economic and 
environmental benefits. As carbonaceous materials are the only solid materials in the lower region 
ofthe submerged electric arc furnace (coke bed zone); they are required to have good mechanical 
strength to ensure good permeability of liquid and gas phases through the burden. Carbonaceons 
materials are highly porous, with strength strongly depending on both matrix strength and pore 
structure [1-3]. Matrix strength and pore structure of carbonaceous materials are significantly 
changed by the heating in a furnace; however the choice of carbonaceous materials used for 
ferroalloy production is usually determined empirically, rather than being based on examination of 
their properties under a range of conditions in ferroalloy furnaces. 
Upon heating in furnace, pore structure of coal is changed significantly as a result of 
pyrolysis. Development of pore structure of coal is influenced by the properties of parent coal, 
pyrolysis temperature and pressure [4, 5]. Pore structure of chars and cokes is also changed by 
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